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(57) ABSTRACT 

Molded enclosures including integrally formed knockouts 
are described herein. In one implementation, a molded 

enclosure a Wall having a Wall thickness and a ?rst knockout 

integrally formed in the Wall. At least a portion of a 
periphery of the ?rst knockout is de?ned by at least one 
attachment tab formed at a portion of the periphery of the 
?rst knockout and at least one space is formed at the 
periphery of the ?rst knockout separating a portion of the 
Wall from a portion of the ?rst knockout, the at least one 
attachment tab joining the ?rst knockout to the Wall. Upon 
removal of the ?rst knockout from the Wall, a ?rst opening 
is de?ned in the Wall. 

35 Claims, 5 Drawing Sheets 
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ENCLOSURE WITH IMPROVED 
KNOCKOUTS 

This application claims the bene?t of US. Provisional 
Application No. 60/604,885, ?led Aug. 27, 2004, entitled 
ENCLOSURE THAT HOUSES ELECTRICAL CONNEC 
TIONS WITH IMPROVED KNOCKOUTS, the entire dis 
closure of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to enclosures, and 

more speci?cally to molded enclosures that includes knock 
outs. 

2. Discussion of the Related Art 
Molded plastic enclosures for various devices often 

include prede?ned knockouts that can be removed to alloW 
access into the enclosure. For example, knockouts are 
removed to gain access for installing conduit ?ttings or 
electrical Wires. Typically, referring to FIGS. 1 and 2, a 
continuous, substantially V-shaped groove 104 extends 
around the periphery of the knockout 102 such that the 
knockout can be removed through the application of an 
impact force to the knockout. Additionally, as shoWn in 
FIGS. 3 and 4, smaller nested knockouts 106 can be formed 
Within other knockouts, such as larger knockout 102. 

Existing molded-in knockout designs present dif?culties 
in the injection molding process. For example, since the 
thickness of the Wall is substantially reduced at the V-shaped 
groove 104, the plastic material How is restricted around the 
periphery of the knockout as it ?ows across the V-shaped 
groove making it dif?cult to ?ll the knockout plug (center) 
causing potential cosmetic and injection molding issues. 
Such plastic How is even more restricted With nested knock 
out con?gurations, as the plastic must ?oW across multiple, 
continuous V-shaped grooves. 

Furthermore, it can be dif?cult to remove molded-in 
knockouts in plastic enclosures. Often, the user Will need to 
repeatedly strike a screWdriver (or other tool) With a hammer 
to try to remove a molded-in knockout. Since most plastic 
enclosures have molded-in knockouts that have a smooth 
continuous surface, the screWdriver tip (or other tool) can 
easily slide across the face of the knockout making the 
removal much more dif?cult and increasing the chance of 
damage to the enclosure or injury to the user. This problem 
is Worsened With nested knockout con?gurations, Where it is 
dif?cult for the user to remove only one of the interior 
knockouts Without damaging, partially removing or com 
pletely removing the adjacent outer knockout. Alternatively, 
the user may remove the knockout by striking a screWdriver 
placed in the V-shaped groove at multiple locations; hoW 
ever, such approach requires multiple hits and may damage 
the enclosure. 

Several solutions have been presented to provide 
improved enclosure knockouts. For example, US. Pat. No. 
5,444,183, Which is incorporated herein by reference, pro 
vides ?oW leaders across grooves that better alloW material 
How to the interior knockouts sections during the molding 
process. US. Pat. No. 6,242,697, Which is incorporated 
herein by reference, provides grooves that form concentric 
circular nested knockouts, the smaller diameter knockouts 
having sharper edges and deeper grooves than larger diam 
eter knockouts to improve knockout removal. US. Pat. No. 
6,765,147, Which is incorporated herein by reference, pro 
vides a knockout that includes a tool receptor to receive a 
tool and upon a tWisting of the tool, the knockout is removed 
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2 
Without applying an impact force; thus, preventing damage 
to any electronics components behind the knockout. 

SUMMARY OF THE INVENTION 

Several embodiments of the invention advantageously 
address the needs above as Well as other needs by providing 
enclosures With improved knockouts and methods for mak 
ing and using the improved knockouts. 

In one embodiment, the invention can be characterized as 
a molded enclosure comprising a Wall having a Wall thick 
ness and a ?rst knockout integrally formed in the Wall. At 
least a portion of a periphery of the ?rst knockout is de?ned 
by at least one attachment tab formed at a portion of the 
periphery of the ?rst knockout and at least one space is 
formed at the periphery of the ?rst knockout separating a 
portion of the Wall from a portion of the ?rst knockout, the 
at least one attachment tab joining the ?rst knockout to the 
Wall. Upon removal of the ?rst knockout from the Wall, a 
?rst opening is de?ned in the Wall. 

In another embodiment, the invention can be character 
iZed as an irrigation controller comprising a molded enclo 
sure having a Wall With a Wall thickness and a ?rst knockout 
integrally formed in the Wall. At least a portion of a 
periphery of the ?rst knockout is de?ned by at least one 
attachment tab formed at a portion of the periphery of the 
?rst knockout and at least one space is formed at the 
periphery of the ?rst knockout separating a portion of the 
Wall from a portion of the ?rst knockout, the at least one 
attachment tab joining the ?rst knockout to the Wall. Upon 
removal of the ?rst knockout from the Wall, a ?rst opening 
is de?ned in the Wall. The controller also comprises an 
electronic control unit adapted to control irrigation opera 
tions of the irrigation controller and output driver circuitry 
coupled to the electronic control unit, the output driver 
circuitry accessible for electrical connection through the ?rst 
opening. 

In a further embodiment, the invention may be charac 
teriZed as a method of removing a knockout from a molded 
enclosure comprising the steps: applying a force to a ?rst 
knockout integrally formed in a Wall, at least a portion of a 
periphery of the ?rst knockout de?ned by at least one 
attachment tab formed at a portion of the periphery of the 
?rst knockout and at least one space formed at the periphery 
of the ?rst knockout separating a portion of the Wall from a 
portion of the ?rst knockout, the at least one attachment tab 
joining the ?rst knockout to the Wall, Wherein at least a 
portion of the force is normal to the ?rst knockout; and 
removing the ?rst knockout from the Wall to form a ?rst 
opening in the Wall. 

In yet another embodiment, the invention may be char 
acteriZed as a method for making a molded enclosure 
comprising the steps: ?oWing a material into a mold to form 
a Wall having a Wall thickness, the mold adapted to inte 
grally form a ?rst knockout in the Wall, at least a portion of 
a periphery of the ?rst knockout de?ned by at least one 
attachment tab formed at a portion of the periphery of the 
?rst knockout and at least one space formed at the periphery 
of the ?rst knockout separating a portion of the Wall from a 
portion of the ?rst knockout, the at least one attachment tab 
joining the ?rst knockout to the Wall; alloWing the material 
to harden; and separating the mold from the hardened 
material. 

In a further embodiment, the invention can be character 
iZed as a molded enclosure comprising a Wall having a Wall 
thickness and a ?rst knockout integrally formed in the Wall. 
A portion of a periphery of the ?rst knockout is de?ned by 
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a ?rst groove formed in a ?rst surface of the Wall and a 
second groove formed in a second surface of the Wall, 
Wherein the ?rst surface is opposite the second surface. And 
a junction section is formed betWeen the ?rst groove and the 
second groove, the junction section joining a portion of the 
Wall to a portion of the ?rst knockout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects, features and advantages of 
several embodiments of the invention Will be more apparent 
from the folloWing more particular description thereof, 
presented in conjunction With the folloWing draWings. 

FIG. 1 is a plan vieW of a conventional single knockout 
de?ned by a V-shaped groove formed in a Wall of the 
enclosure. 

FIG. 2 is a cross sectional vieW of the knockout of FIG. 
1 taken about line AiA. 

FIG. 3 is a plan vieW of a conventional nested knockout. 
FIG. 4 is a cross sectional vieW of the knockout of FIG. 

3 taken about line BiB. 
FIG. 5 is a plan vieW of a knockout formed in a Wall of 

an enclosure including a split groove de?ning the knockout 
and a tool holding feature in accordance With one embodi 
ment. 

FIG. 6 is a cross sectional vieW of the knockout of FIG. 
5 taken about line BiB of FIG. 5. 

FIG. 7 is a plan vieW of a knockout formed in a Wall of 
an enclosure having attachment tabs in accordance With 
another embodiment. 

FIG. 8 is a cross sectional vieW of the knockout of FIG. 
7 taken about line AiA of FIG. 7. 

FIG. 9 is a plan vieW of a nested knockout design formed 
in a Wall of an enclosure having attachment tabs in accor 
dance With a further embodiment. 

FIG. 10 is a cross sectional vieW of the knockout of FIG. 
9 taken about line BiB of FIG. 9. 

FIG. 11 is a cross sectional vieW of a variation of the 
knockout of FIGS. 7*8 in Which the attachment tabs are 
formed using split grooves. 

FIG. 12 is a cross sectional vieW of a variation of the 
knockout of FIGS. 7*8 in Which the attachment tabs are 
formed using split grooves. 

FIG. 13 is one embodiment of a tool holding feature 
formed as a protrusion. 

FIG. 14 is an alternative embodiment of the tool holding 
feature of FIG. 13. 

FIG. 15 is a simpli?ed diagram of a molded enclosure 
including knockouts for use in an irrigation controller in 
accordance With one embodiment of the invention. 

Corresponding reference characters indicate correspond 
ing components throughout the several vieWs of the draW 
ings. Skilled artisans Will appreciate that elements in the 
?gures are illustrated for simplicity and clarity and have not 
necessarily been draWn to scale. For example, the dimen 
sions of some of the elements in the ?gures may be exag 
gerated relative to other elements to help to improve under 
standing of various embodiments of the present invention. 
Also, common but Well-understood elements that are useful 
or necessary in a commercially feasible embodiment are 
often not depicted in order to facilitate a less obstructed vieW 
of these various embodiments of the present invention. 

DETAILED DESCRIPTION 

The folloWing description is not to be taken in a limiting 
sense, but is made merely for the purpose of describing the 
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4 
general principles of exemplary embodiments. The scope of 
the invention should be determined With reference to the 
claims. 

Several improved knockouts formed in a Wall of an 
enclosure housing are provided herein. It is an object of 
several embodiments to provide a molded-in knockout that 
is more easily broken-out than conventional knockouts and 
Which reduces the chance for damage to the enclosure and 
components located Within the enclosure. 

It is an object of some embodiments to provide a tool 
holding feature, such as a recess or dimple, to help guide/ 
place a tool to more easily remove a single knockout. 

It is an object of some embodiments to provide a knockout 
structure that is easy to ?ll during the injection molding 
process Which provides for a larger, and more stable, mold 
ing process WindoW. 

It is an object of some embodiments to provide a nested 
knockout structure that better alloWs a center knockout in a 
nested con?guration to be removed Without removing the 
outer knockouts. 

Referring ?rst to FIGS. 5 and 6, a knockout 202 formed 
in a Wall 200 of an enclosure is shoWn in accordance With 
one embodiment. The knockout is de?ned by a continuous 
groove 204 formed in the Wall that de?nes the periphery of 
the knockout 202. In one embodiment, the groove 204 is a 
molded-in, substantially V-shaped groove that is split at the 
approximate mid-plane of the nominal Wall thickness (sec 
tion) that provides complete environmental protection by 
being completely enclosed or sealed. That is, instead of a 
single groove formed on one (e.g., exterior) surface of the 
Wall, such as illustrated in FIG. 2, there is a groove formed 
on the exterior and interior surfaces of the Wall (grooves 
204A and 204B). Each groove 204A and 204B has a depth 
extending into the thickness of the Wall and terminating 
proximate to the mid-plane or center of the Wall thickness. 
Accordingly, during the molding process, e.g., injection 
molding process, the thin Wall section formed at the junction 
betWeen the grooves 204A and 204B (i.e., a junction section) 
is shifted aWay from the edge of the exterior and interior 
surfaces of the Wall 200. As is Well knoWn during the 
injection molding process, material ?oW at the outer Wall of 
the molding cools before material ?oWing through a central 
region or interior portion of molding. Thus, by moving the 
thin junction section betWeen the Wall 200 and the knockout 
202 formed by the grooves aWay from the outer Walls of the 
molding, the material ?oW through the thin junction section 
formed by the grooves 204A and 204B into the knockout 
Will ?oW more easily and is less restricted since it has cooled 
less than compared to the How across single grooves formed 
on one surface of an enclosure Wall. This alloWs the knock 
out to be more easily and uniformly ?lled. Also, the split 
groove feature alloWs the thickness of the junction section 
formed by the grooves 204A and 204B to be thinner than the 
junction section of a single conventional V-shaped groove 
on one surface of the Wall. 

Additionally, the split groove feature reduces damage to 
the enclosure Wall 200 When the knockout is removed since 
the junction section joining the knockout 102 to the Wall 200 
is moved aWay from the edge of the Wall toWard the center. 
For example, if the junction section is located at the edge 
(e.g., as in a single groove as illustrated in FIG. 2), When the 
knockout 102 is removed, sometimes a portion of the Wall 
may fray or break out along With the knockout. That is, the 
part of the Wall 200 tears aWay and remains connected to the 
removed knockout. The result is that the remaining Wall 
portion may be damaged, and at least is unsightly to the user. 
In contrast, by moving the junction section aWay from the 
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edge of the Wall, such as provided by the split groove 
feature, the break betWeen the Wall and the knockout is less 
likely to result in the remaining Wall being damaged. 

The split groove feature, e. g., grooves formed on opposite 
surfaces of the Wall, also alloWs nested knockouts to be more 
easily ?lled. For example, by using grooves 204A and 204B 
for the grooves in the nested knockout of FIGS. 3 and 4, 
material How to the outer knockout 102 and the inner 
knockout 106 is improved since the material ?oW through 
the thin Wall section at the grooves Would be cooled less than 
if the standard V-shaped groove on a single surface Was 
employed. 

It is noted that the grooves 204A and 204B may be a 
variety of differently shaped grooves as knoWn in the art, 
such as V-shaped grooves, tab or rectangular grooves, or 
grooves that have sloped Walls (like a V-shaped groove) but 
a ?at section at the tip (like a tab groove), etc. Additionally, 
it is understood that the molding techniques and materials 
used to form the enclosure Wall and knockout(s) are not 
limited to polymer or plastic injection molding. For 
example, this and other embodiments also apply to die cast 
and Thixomolding (metal injection molding), and other 
knoWn molding techniques. For example, in one embodi 
ment, a molten material (plastic, polymer, metal) is ?oWed 
into a mold, the mold shaped to form a Wall having a 
knockout integrally formed in the Wall. The molten material 
is hardened (e.g., cooled) and then the mold is separated 
from the hardened material to reveal the Wall With the 
integral knockout. 
An additional feature illustrated in FIGS. 5 and 6 is a tool 

holding feature 206 (Which is illustrated as a recess or 
dimple feature) that is formed in an outWard facing surface 
of the knockout 202. The tool holding feature 206 is adapted 
to locate and hold the tip of a tool, such as a Phillips head 
or ?at-head screWdriver, to aid in the removal of the knock 
out 202 from the Wall 200. In some embodiments, the tool 
holding feature 206 is a feature that is formed into the 
thickness of the knockout Wall, While in other embodiments, 
the tool holding feature 206 protrudes from the knockout 
Wall surface, such as in the embodiments illustrated in FIGS. 
13 and 14. In either case, generally, the user positions the tip 
of a screWdriver into or against the tool holding feature 206 
and uses an additional tool, such as a hammer, to hit the end 
of the screWdriver to apply an impact force that breaks the 
knockout free. Thus, the tool holding feature 206 aids With 
the removal of the knockout. In the illustrated embodiment 
of FIGS. 5 and 6, the tool holding feature 206 is a recessed, 
substantially spherical dimple formed in a portion of the 
exterior facing surface of the knockout 202 to locate and 
hold the tool in place for the user to strike the tool to remove 
the knockout. As noted above, in other embodiments, such 
as illustrated in FIGS. 13 and 14, the tool holding feature 
206A is one or more protrusions extending outWard from the 
knockout Wall that alloWs a tool to be inserted into or 
thereagainst. For example, the tool holding feature 206A 
may be a rib-like structure that a tool rests against or a 
protrusion having Walls that form a pocket or recess above 
the surface (outside of the nominal thickness of the knockout 
Wall) of the knockout that is adapted to hold a particular tool. 
Such tool holding features formed as outWardly extending 
protrusions 206A may be more dif?cult to ?ll than a recessed 
feature since additional material How is required to ?ll the 
knockout. Such tool holding features 206 prevent possible 
damage to the enclosure Wall and lessen the chance of injury 
to the user relative to knockouts that have smooth continu 
ous surfaces upon Which a tool can easily slide across. 
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It is understood that the particular shape of the tool 

holding feature 206 depends upon the tool(s) that it is 
adapted to locate and hold. For example, the tool holding 
feature may be speci?cally shaped to hold a screWdriver tip 
or the shape of another tool. Furthermore, although the tool 
holding feature is illustrated generally at the center or central 
region of the knockout 202, it may be located at any location 
on the outWard facing surface of the knockout 202. The tool 
holding feature 206 is typically formed as part of the 
injection mold or fabrication process through the shaping of 
the mold. 

Furthermore, the tool holding feature 206 and method of 
breaking the knockout 202 from the Wall 200 generally 
involves the application of an impact force having a com 
ponent normal or perpendicular to the outWard knockout 
surface. As a result of the application of this force, the 
knockout is forced in a direction perpendicular to the Wall in 
the direction of the force, e. g., the knockout is forced inWard 
into the enclosure or housing. As such, the force applied to 
the knockout may be directly normal to the knockout 202 or 
may be at an angle relative to an axis normal to the knockout 
202. Although the applied force may be at an angle, the 
angle should be such that the component of the force in the 
direction normal to the knockout 202 is suf?cient to cause 
the knockout to break free from the Wall 200. For example, 
it is preferred that the angle be less than 30 degrees offset 
from normal to the knockout 202. It is noted that embodi 
ments using a tool holding feature 206 alloW a user to apply 
a force at an angle While lessening the chance that the tool 
applying the force Will slip or slide on the knockout surface. 

It is noted that some embodiments employing a tool 
holding feature do not include a split groove. Instead, such 
embodiments, include a single groove formed on one sur 
face of the Wall that de?nes the knockout 202, e.g., a 
V-shaped groove, a tab or rectangular groove, a combination 
V-shaped and tab groove, etc. 

It is noted that in the illustrated embodiment of FIGS. 5 
and 6, the thickness 208 of knockout 202 is substantially 
equal to the nominal thickness 210 of the Wall 200 bordering 
the knockout 202. HoWever, in additional embodiments, the 
mold may be adapted such that the thickness 208 of the 
knockout is less than the nominal thickness 210 of the Wall. 
Thus, the knockout 202 has a thinner Wall thickness than the 
nominal Wall thickness. This aids in the molding process 
since less material is required to How across the thin junction 
section de?ned by the grooves 204A and 204B (or altema 
tively, de?ned by a single groove) to ?ll the knockout. This 
also aids in the removal of the knockout Without damage to 
the enclosure. For example, in one embodiment, the thick 
ness 208 of the knockout 202 is approximately 60% of the 
nominal thickness 210 of the enclosure Wall 200; hoWever, 
it is understood that a variety of knockout Wall thicknesses 
may be used depending on the implementation. For 
example, in one embodiment, the thickness 208 is in a range 
of 30*90% of the Wall thickness 210, While in other embodi 
ments Within a range of 4(L80%, and other embodiments in 
a range of 5(L70%. HoWever, it is generally desired that the 
Wall thickness 208 be less than the nominal thickness 210 of 
the Wall 200 but thick enough to adequately ?ll the knockout 
and provide adequate structural support. Furthermore, there 
may be a minimum knockout thickness 208 to meet regu 
latory standards for a given material, particularly With 
respect to enclosures for electrical housings. 

In another variation, multiple inner knockouts or nested 
knockouts may be formed Within an outer knockout using 
one or more of the features as described above. For example, 
a nested knockout con?guration similar to that shoW in 
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FIGS. 3 and 4 may be designed that uses one or more of: 
split grooves on opposing knockout Wall surfaces; a tool 
holding feature on one or more of the knockout surfaces; and 
a reduced Wall thickness 208 for the knockouts (including 
the inner knockouts) relative to the nominal Wall thickness 
210. Such nested knockouts may be concentric knockouts 
generally conforming to the geometry of the outer knockout 
(e. g., concentric circular knockouts) or may be non-concen 
tric or offset inner knockouts (such as shoWn in FIGS. 3 and 

4). 
Referring next to FIGS. 7 and 8, a knockout 302 formed 

in a Wall 200 of an enclosure is shoWn in accordance With 
another embodiment. The knockout 302 is formed by at least 
one molded-in attachment tab 304 and a corresponding 
space 306 of no material on either side of each attachment 
tab 304. The attachment tabs 304 and spaces 306 de?ne the 
periphery of the knockout 302. Again, although the knock 
out is illustrated as a circular knockout, it is understood that 
the knockout may have any desired shape. 

The attachment tabs 304 (also referred to as junction 
sections) provide the only material joining the knockout 302 
to the enclosure Wall 200. The spaces 306 provide a spacing 
or gap of no material betWeen the enclosure Wall and the 
knockout 302. This gap is minimized by the current capa 
bility of tool making and ensures a high level of environ 
mental protection for a knockout for use in enclosures that 
are not required to be completely sealed. In the illustrated 
embodiment, the attachment tabs 304 and spaces 306 alter 
nate about the periphery of the knockout 302, e.g., resem 
bling a perforated connection betWeen the knockout 302 and 
the enclosure Wall 200. 

Each attachment tab 304 is a junction section that joins the 
Wall to a portion of the knockout 302. The attachment tab 
304 is thinner than the Wall thickness 210 and thinner than 
the knockout thickness 208. In one form, each attachment 
tab 304 is formed in the Wall similar to a groove described 
above, but extending a portion of the periphery of the 
knockout, not continuously about the periphery as described 
in the embodiments of FIGS. 5 and 6. For example, as 
illustrated, the attachment tabs are formed by a groove 
formed in one surface of the Wall 200, although in other 
embodiments, the attachment tabs 304 may be formed by 
split grooves, such as described in the alternative embodi 
ment of FIG. 11. That is, in FIG. 11, the attachment tabs 
304A are formed by grooves 309A and 309B on different 
(e.g., opposing) surfaces of the Wall. Each attachment tab 
304A in FIG. 11 forms a junction section that joins a portion 
of the Wall 200 With a portion of the knockout 302. The 
attachment tabs 304A formed by split grooves provide the 
same advantages as the split grooves described and illus 
trated in FIGS. 5 and 6. These grooves 309A and 309B may 
be shaped as any of the types of grooves described herein. 

In one form, the attachment tabs 304 are formed in the 
surface of the Wall extending a portion of the periphery of 
the knockout. For example, in one embodiment, the attach 
ment tabs are formed as grooves that extend a portion of the 
periphery, e.g., V-shaped grooves, rectangular or tab 
grooves, or combination V-shaped and tab grooves. In the 
illustrated embodiment, the tabs 304 are formed by 
V-shaped grooves 308 extending a portion of the periphery 
and having a sharp edge along the enclosure Wall 200. For 
example, the edge of the Wall facing the knockout is a sharp 
Wall extending substantially normal to the Wall 200 to a 
sharp point and then the remainder of the tab 304 increases 
in thickness to that of the knockout plug thickness 208. It is 
noted that the steep Wall of the V-shaped groove 308 extends 
substantially normal to the Wall to the point of the groove 
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8 
308, e.g., at an angle of 0*l5 degrees offset from normal. 
The geometry of the V-shaped groove 308 aids in the 
knockout removal. When the knockout 302 is punched out 
as a result of the application of an impact force on the 
knockout 302, the knockout plug and the attachment tabs 
304 breakout as one piece (at the tip of the groove 308), thus 
leaving little residual material in the knockout opening to 
better accept electrical Wires, conduit ?ttings, or the like. 

The attachment tabs 304 are designed to act as secondary 
injection molding gates. That is, the attachment tabs 304 are 
each gates that direct material ?oW from the Wall into the 
knockout 302. This con?guration alloWs for the knockout 
302 to ?ll easily and still provides a thin cross section at the 
junction of the Wall 200 and the knockout 302 to lessen the 
required force to remove the knockout. In the illustrated 
embodiment, since the attachment tabs 304 are formed by 
V-shaped grooves 308 extending a portion of the periphery 
of the knockout 302, the attachment tabs 304 may be 
referred to as secondary “knife gates”. 

In the illustrated embodiment of a circular knockout, ?ve 
equally spaced, radially located molded-in tabs 304 are 
formed that together With a corresponding space 306 
betWeen each tab 304 de?ne the periphery of the knockout. 
The length of the spaces 306 betWeen the tabs 304 is 
approximately the same as the length of the tabs 304. It is 
noted that in other embodiments, a different number of tabs 
304 and spaces 306 may be formed While achieving similar 
results. For example, at least one attachment tab and a space 
on each side of each attachment tab is needed according to 
many embodiments. In preferred form, there are betWeen 2 
and 6 attachment tabs de?ning the periphery of the knock 
out. The number of tabs 304 and spaces 306, the length of 
each tab extending along the periphery of the knockout 302, 
and the thickness of the junction formed betWeen the Wall 
200 and the knockout 302 by the tabs 304 all partially 
determine the amount of impact force required to break the 
knockout 302 aWay from the Wall 200. 

Furthermore, in many embodiments, the thickness 208 of 
the knockout is designed to be less than the nominal Wall 
thickness 210 to assist in the ?lling of the knockout during 
the molding process and to provide for an easy to remove 
knockout. For example, the knockout plug thickness 208 is 
approximately 60% of the nominal Wall thickness 210 of the 
enclosure; hoWever, it is understood that additional embodi 
ments have different variations of thickness. For example, as 
described above and according to different embodiments, 
the thickness 208 is in a range of 3(k90% of the Wall 
thickness 210, While in other embodiments Within a range of 
4(L80%, and other embodiments in a range of 5(L70%. 
HoWever, the thickness often factors in the desired ease to 
break the knockout out from the Wall, the material used, and 
any regulatory minimum thicknesses that might be required. 
It is also noted that in some embodiments, the knockout 
thickness 208 is the same thickness as the nominal Wall 
thickness 210. 

Additionally, in many embodiments, a tool holding fea 
ture 206 as described above, such as a recess or protrusion, 
is also formed in an outWard facing surface of the knockout 
302. HoWever, it is noted that several embodiments do not 
include a tool holding feature. 

Referring next to FIGS. 9 and 10, a nested knockout 
design formed in a Wall 200 of an enclosure having attach 
ment tabs as described in FIGS. 7 and 8 is shoWn in 
accordance With another embodiment. Accordingly, the 
design of FIGS. 9 and 10 provides an outer knockout 302 
and a nested knockout 310 that is smaller than the outer 
knockout 302. Both knockouts 302 and 310 are formed by 
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at least one molded-in attachment tab 304 and a correspond 
ing space 306 of no material on either side of each attach 
ment tab 304, similar to that described in FIGS. 7 and 8. The 
attachment tabs 304 and spaces 306 de?ne the periphery of 
each knockout 302 and 310. Thus, the outer knockout 302 is 
attached to the Wall 200 by at least one attachment tab 304 
(e.g., 4 attachment tabs are illustrated) While the inner 
knockout 310 is attached to the outer knockout by at least 
one attachment tab 304 (e.g., 4 attachment tabs are illus 
trated). Accordingly, in a general sense, in one embodiment, 
a nested knockout con?guration is provided in Which at least 
one attachment tab 304 attaches an outer knockout 302 to the 
Wall 200 and a plurality of molded-in internal knockouts 
(e.g., knockout 310) are attached to its adjacent outer 
knockout With at least one attachment tab 304. 

Again, although the knockout is illustrated as a circular 
knockout, it is understood that the knockout may have any 
desired shape. Although only a single inner knockout is 
illustrated (e.g., knockout 310), it is understood that addi 
tional molded-in inner knockouts may be provided that are 
smaller than the illustrated inner knockout 3 1 0. Additionally, 
inner knockouts may be concentrically or non-concentri 
cally shaped relative to the outer knockouts. For example, in 
non-concentric nested knockouts as illustrated, both the 
outer knockout and the inner knockout share at least a 
portion of one attachment tab. On the other hand, for 
concentric nested knockouts, the outer knockout and the 
inner knockout do not share an attachment tab. 

The attachment tabs 304 provide the only material joining 
the knockouts 302 and 310 to the enclosure Wall 200 and the 
outer knockout 302, respectively. The spaces 306 provide a 
spacing or gap of no material betWeen the enclosure Wall and 
the knockout 302, or in betWeen the outer knockout 302 and 
the inner knockout 310. This gap is minimiZed by the current 
capability of tool making and ensures a high level of 
environmental protection for a knockout for use in enclo 
sures that are not required to be completely sealed. In the 
illustrated embodiment, the attachment tabs 304 and spaces 
306 alternate about the periphery of the knockouts 302 and 
310, e.g., resembling a perforated connection. 

Each attachment tab 304 is a junction section that joins the 
Wall to a portion of the knockout 302, or joins an outer 
knockout to an inner knockout. The attachment tabs 304 are 
thinner than the Wall thickness 210 and thinner than the 
knockout thickness 208. In one form, each attachment tab 
304 is formed in the Wall similar to the grooves (split or 
single grooves) described above, but extending a portion of 
the periphery of the knockout, not continuously about the 
periphery as described in the embodiments of FIGS. 5 and 
6. The attachment tabs 304 are designed to act as secondary 
injection molding gates. That is, the attachment tabs 304 are 
each gates that direct material ?oW from the Wall into the 
knockout 302 and from knockout 302 into knockout 310. 
This con?guration alloWs for the knockouts to ?ll easily and 
still provides a thin cross section at the junction at the 
attachment tabs 304 to lessen the required impact force to 
remove the knockouts. 

In one embodiment, the attachment tabs 304 of adjacent 
knockouts are approximately aligned to improve material 
?oW from the Wall 200 to the outer knockout 302 and to the 
inner knockout(s) 310. For example, as illustrated in FIG. 9, 
attachment tabs 304 of the knockouts 302 and 310 are 
substantially aligned so that material How Will ?oW along a 
How path 312 across tWo grooves (e.g., V-shaped grooves 
308) to the inner knockout 310. Thus, the attachment tabs 
304 act as secondary injection molding gates, Which alloW 
the knockouts to ?ll more easily and still provides a thin 
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10 
cross section to lessen the required force to remove the 
knockout. And similar to that described above, in the illus 
trated embodiment, the attachment tabs 304 act as secondary 
“knife gates” to direct material ?oW into the knockouts. 

In one embodiment, the Widths of the attachment tabs 304 
are the Widest for the outer most knockout 302 and decrease 
in Width for a plurality of internal knockouts, such as 
knockout 310. For example, tab 304 on knockout 302 is 
Wider than tab 304 on knockout 310. The Wider attachment 
tabs (or alternatively, the longer the tab extends about the 
periphery of the knockout) require more impact force to 
break than the more narroW internal knockout tabs alloWing 
the nested knockouts to be removed Without accidentally 
removing the outer knockout plug(s). In other embodiments, 
the outer tabs are not Wider than the inner tabs. 
The illustrated embodiment for the outer most knockout 

302 has four equally spaced, radially located molded-in 
attachment tabs 304. The length of the spaces 306 formed 
betWeen the tabs 304 is approximately half the Width of the 
attachment tab. The internal, nested knockout 310 has four 
equally spaced, radially located molded-in attachment tabs 
that are substantially aligned With the outer knockout attach 
ment tabs, Which provides an ideal ?oW path as described 
above. 
As described above, in the illustrated form, the attachment 

tabs 304 are de?ned by V-shaped grooves 308 formed along 
a portion of the periphery of the knockout that joins With the 
Wall 200 or the adjacent outer knockout although other 
grooves as described herein may be used. The thickness 208 
of the knockouts is typically less than the nominal Wall 
thickness 210, as described above. Alternatively, referring to 
FIG. 12, the attachment tabs 304A may be formed by split 
grooves, i.e., formed by grooves 309A and 309B on different 
(e.g., opposing) surfaces of the Wall. Each attachment tab 
304A in FIG. 12 forms a junction section that joins a portion 
of the Wall 200 With a portion of the outer knockout 302, and 
joins a portion of the outer knockout 302 With a portion of 
the nested knockout 310. The attachment tabs 304A formed 
by split grooves provide the same advantages as the split 
grooves described and illustrated in FIGS. 5 and 6. These 
grooves 309A and 309B may be shaped as any of the types 
of grooves described herein. 

Additionally, similar to that described above, in some 
embodiments, the nested knockout 310 includes a tool 
holding feature 206, as described above. For example, a tool 
holding feature 206 is formed in the innermost nested 
knockout 310. Alternatively, the innermost knockout and 
other knockouts may also have a corresponding tool holding 
feature 206. Generally, the innermost knockout is removed 
?rst and subsequent outer knockout(s) are then removed as 
desired. HoWever, it is noted that several embodiments do 
not include a tool holding feature. 

Referring next to FIG. 15, a diagram is shoWn of a molded 
enclosure 400 including knockouts for use in an irrigation 
controller in accordance With one embodiment of the inven 
tion. The molded enclosure 400 includes Walls 402, 404, 
406, 408 and 410. Within the enclosure 400 are located 
irrigation electronic control unit 412 (e.g., a microprocessor, 
user inputs, display screen, etc.) and output driver circuitry 
414. The electronic control unit 412 functions to control the 
irrigation operations of the controller, e.g., to store irrigation 
schedules and signal When to start and stop Watering for 
multiple Water valves. The valves are electrically coupled to 
the output driver circuitry. Knockouts 416 are formed in Wall 
402 and knockouts 418 are formed in Wall 404. In practice, 
a contractor selects the appropriate knockout 414, 418 to use 
and siZe (if the knockout is a nested knockout con?guration) 
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and removes the desired knockout(s). Once the desired 
knockout(s) is removed, electrical Wiring is coupled through 
a conduit inserted into the open knockout to the output driver 
circuitry 414 for electrical connection to the components 
(such as a solenoid controlled valves) connected to the 
irrigation controller. It is noted that a conduit is optional and 
that many times, the Wiring is installed directly through the 
removed knockout Without a conduit. The molded enclosure 
400 typically includes a separately molded door or cover 
(not shoWn) that hingedly attaches to the enclosure 400 to 
close the enclosure 400. 

The knockouts 416 and 418 may be any of the knockout 
con?gurations as illustrated and described herein. It is 
understood that although one proposed usage of a molded 
enclosure is in the context of an irrigation controller, that a 
molded enclosure incorporating knockouts as described 
herein may be used on any molded enclosure for any number 
of applications. For example, such enclosures may be used 
for lighting controller equipment, fertilization control equip 
ment or other electronic controllers. Additionally, the knock 
out designs provided herein also apply to molded enclosures 
generally, not necessarily to those enclosures that house 
electronic equipment. 

While the invention herein disclosed has been described 
by means of speci?c embodiments, examples and applica 
tions thereof, numerous modi?cations and variations could 
be made thereto by those skilled in the art Without departing 
from the scope of the invention set forth in the claims. 

What is claimed is: 
1. A molded enclosure comprising: 
a Wall having a Wall thickness; and 
a ?rst knockout integrally formed in the Wall, at least a 

portion of a periphery of the ?rst knockout de?ned by 
at least one attachment tab formed at a portion of the 
periphery of the ?rst knockout and at least one space 
formed at the periphery of the ?rst knockout separating 
a portion of the Wall from a portion of the ?rst knock 
out, the at least one attachment tab joining the ?rst 
knockout to the Wall; 

Wherein upon removal of the ?rst knockout from the Wall, 
a ?rst opening is de?ned in the Wall. 

2. The enclosure of claim 1 Wherein the ?rst knockout has 
a ?rst thickness that is less than the Wall thickness. 

3. The enclosure of claim 2 Wherein the ?rst thickness is 
at least 30% and not more than 90% of the Wall thickness. 

4. The enclosure of claim 1 Wherein each of the at least 
one attachment tab has a tab thickness that is less than the 
Wall thickness and less than a ?rst thickness of the ?rst 
knockout. 

5. The enclosure of claim 1 Wherein the at least one 
attachment tab is de?ned at a groove formed in a ?rst surface 
of the Wall at the portion of the periphery of the ?rst 
knockout. 

6. The enclosure of claim 1 Wherein the at least one 
attachment tab is de?ned at a ?rst groove formed in a ?rst 
surface of the Wall and at a second groove formed in a 
second surface of the Wall. 

7. The enclosure of claim 6 Wherein the ?rst surface of the 
Wall is opposite the second surface of the Wall. 

8. The enclosure of claim 1 further comprising a tool 
holding feature formed at the ?rst knockout, the tool holding 
feature adapted to receive a tool for applying an impact force 
on the ?rst knockout to remove the ?rst knockout from the 
Wall, the impact force having a component in a direction 
substantially normal to the ?rst knockout such that the ?rst 
knockout is forced through the Wall. 
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9. The enclosure of claim 8 Wherein the tool holding 

feature comprises a recess formed into the thickness of the 
?rst knockout. 

10. The enclosure of claim 8 Wherein the tool holding 
feature comprises a protrusion extending from a surface of 
the ?rst knockout. 

11. The enclosure of claim 1 further comprising: 
a second knockout integrally formed in the ?rst knockout, 

at least a portion of a periphery of the second knockout 
de?ned by at least one attachment tab formed at a 
portion of the periphery of the second knockout and at 
least one space formed at the periphery of the second 
knockout separating a portion of the ?rst knockout 
from a portion of the second knockout, the at least one 
attachment tab joining the second knockout to the ?rst 
knockout; 

Wherein upon removal of the second knockout from the 
Wall, a second opening is de?ned in the Wall, the second 
opening smaller than the ?rst opening. 

12. The enclosure of claim 11 Wherein the ?rst knockout 
and the second knockout share at least a portion of an 
attachment tab. 

13. The enclosure of claim 11 Wherein the ?rst knockout 
and the second knockout do not share an attachment tab. 

14. The enclosure of claim 11 Wherein an attachment tab 
of the ?rst knockout is aligned With an attachment tab of the 
second knockout in order to alloW material to How directly 
through the attachment tab of the ?rst knockout and through 
the attachment tab of the second knockout during a molding 
process. 

15. The enclosure of claim 1 Wherein the at least one 
attachment tab comprises at least 2 and not less than 6 
attachment tabs. 

16. An irrigation controller comprising: 
a molded enclosure having a Wall With a Wall thickness; 
a ?rst knockout integrally formed in the Wall, at least a 

portion of a periphery of the ?rst knockout de?ned by 
at least one attachment tab formed at a portion of the 
periphery of the ?rst knockout and at least one space 
formed at the periphery of the ?rst knockout separating 
a portion of the Wall from a portion of the ?rst knock 
out, the at least one attachment tab joining the ?rst 
knockout to the Wall; 

Wherein upon removal of the ?rst knockout from the Wall, 
a ?rst opening is de?ned in the Wall; 

an electronic control unit adapted to control irrigation 
operations of the irrigation controller; and 

output driver circuitry coupled to the electronic control 
unit, the output driver circuitry accessible for electrical 
connection through the ?rst opening. 

17. The controller of claim 16 Wherein the at least one 
attachment tab is de?ned at a groove formed in a ?rst surface 
of the Wall at the portion of the periphery of the ?rst 
knockout. 

18. The controller of claim 16 Wherein the at least one 
attachment tab is de?ned at a ?rst groove formed in a ?rst 
surface of the Wall and at a second groove formed in a 
second surface of the Wall. 

19. The controller of claim 16 further comprising a tool 
holding feature formed at the ?rst knockout, the tool holding 
feature adapted to receive a tool for applying an impact force 
on the ?rst knockout to remove the ?rst knockout from the 
Wall, the impact force having a component in a direction 
substantially normal to the ?rst knockout such that the ?rst 
knockout is forced through the Wall. 
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20. The controller of claim 16 further comprising: 
a second knockout integrally formed in the ?rst knockout, 

at least a portion of a periphery of the second knockout 
de?ned by at least one attachment tab formed at a 

portion of the periphery of the second knockout and at 
least one space formed at the periphery of the second 
knockout separating a portion of the ?rst knockout 
from a portion of the second knockout, the at least one 
attachment tab joining the second knockout to the ?rst 

knockout; 
Wherein upon removal of the second knockout from the 

Wall, a second opening is de?ned in the Wall, the second 
opening smaller than the ?rst opening. 

21. The controller of claim 20 Wherein an attachment tab 
of the ?rst knockout is aligned With an attachment tab of the 
second knockout in order to alloW material to How directly 
through the attachment tab of the ?rst knockout and through 
the attachment tab of the second knockout during a molding 
process. 

22. A method of removing a knockout from a molded 
enclosure comprising: 

applying a force to a ?rst knockout integrally formed in a 

Wall, at least a portion of a periphery of the ?rst 
knockout de?ned by at least one attachment tab formed 
at a portion of the periphery of the ?rst knockout and 
at least one space formed at the periphery of the ?rst 
knockout separating a portion of the Wall from a 
portion of the ?rst knockout, the at least one attachment 
tab joining the ?rst knockout to the Wall, Wherein at 
least a portion of the force is normal to the ?rst 
knockout; and 

removing the ?rst knockout from the Wall to form a ?rst 
opening in the Wall. 

23. The method of claim 22 Wherein the step of applying 
the force comprises: 

applying the force to the ?rst knockout Wherein the ?rst 
knockout is integrally formed in a second knockout, at 
least a portion of the periphery of the ?rst knockout 
de?ned by at least one attachment tab formed at a 

portion of the periphery of the ?rst knockout and at 
least one space formed at the periphery of the ?rst 
knockout separating a portion of the second knockout 
from a portion of the ?rst knockout, the at least one 
attachment tab joining the ?rst knockout to the second 
knockout. 

24. The method of claim 23 further comprising: 
applying a force to a remaining portion of the second 

knockout after the ?rst knockout has been removed; 
and 

removing the remainder of the second knockout from the 
Wall to form a second opening in the Wall, the second 
opening larger than the ?rst opening. 

25. A method for making a molded enclosure comprising: 
?oWing a material into a mold to form a Wall having a Wall 

thickness, the mold adapted to integrally form a ?rst 
knockout in the Wall, at least a portion of a periphery 
of the ?rst knockout de?ned by at least one attachment 
tab formed at a portion of the periphery of the ?rst 
knockout and at least one space formed at the periphery 
of the ?rst knockout separating a portion of the Wall 
from a portion of the ?rst knockout, the at least one 
attachment tab joining the ?rst knockout to the Wall; 
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alloWing the material to harden; and 
separating the mold from the hardened material. 
26. The method of claim 25 Wherein the ?oWing step 

comprises ?oWing the material into the mold, the mold 
adapted to integrally form the ?rst knockout to have a ?rst 
thickness that is less than the Wall thickness. 

27. The method of claim 25 Wherein the ?oWing step 
comprises ?oWing the material into the mold, the mold 
adapted to integrally form the ?rst knockout such that the at 
least one attachment tab is de?ned at a groove formed in a 
?rst surface of the Wall at the portion of the periphery of the 
?rst knockout. 

28. The method of claim 25 Wherein the ?oWing step 
comprises ?oWing the material into the mold, the mold 
adapted to integrally form the ?rst knockout such that the at 
least one attachment tab is de?ned at a ?rst groove formed 
in a ?rst surface of the Wall and at a second groove formed 
in a second surface of the Wall. 

29. The method of claim 28 Wherein the ?rst surface of the 
Wall is opposite the second surface of the Wall. 

30. The method of claim 25 Wherein the ?oWing step 
comprises ?oWing the material into the mold, the mold 
adapted to form a tool holding feature at the ?rst knockout, 
the tool holding feature adapted to receive a tool for apply 
ing an impact force on the ?rst knockout to remove the ?rst 
knockout from the Wall, the impact force having a compo 
nent in a direction substantially normal to the ?rst knockout 
such that the ?rst knockout is forced through the Wall. 

31. The method of claim 25 Wherein the ?oWing step 
comprises ?oWing the material into the mold, the mold 
further adapted to integrally form a second knockout inte 
grally formed in the ?rst knockout, at least a portion of a 
periphery of the second knockout de?ned by at least one 
attachment tab formed at a portion of the periphery of the 
second knockout and at least one space formed at the 
periphery of the second knockout separating a portion of the 
?rst knockout from a portion of the second knockout, the at 
least one attachment tab joining the second knockout to the 
?rst knockout. 

32. The method of claim 25 Wherein the ?oWing step 
comprises ?oWing the material into the mold through an 
attachment tab of the ?rst knockout and then through an 
attachment tab of the second knockout aligned With the 
attachment tab of the ?rst knockout. 

33. A molded enclosure comprising: 
a Wall having a Wall thickness; and 

a ?rst knockout integrally formed in the Wall, a portion of 
a periphery of the ?rst knockout de?ned by a ?rst 
groove formed in a ?rst surface of the Wall and a second 

groove formed in a second surface of the Wall, Wherein 
the ?rst surface is opposite the second surface; 

Wherein a junction section is formed betWeen the ?rst 
groove and the second groove, the junction section 
joining a portion of the Wall to a portion of the ?rst 

knockout; 
Wherein the junction section is located aWay from exterior 

surfaces of the Wall along a direction of a thickness of 
the Wall. 

34. A molded enclosure comprising: 
a Wall having a Wall thickness; and 

a ?rst knockout integrally formed in the Wall, a portion of 
a periphery of the ?rst knockout de?ned by a ?rst 
groove formed in a ?rst surface of the Wall and a second 
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groove formed in a second surface of the Wall, Wherein 35. The enclosure of claim 34 Wherein the junction 
the ?rst surface is opposite the second surface; section is located to alloW material ?owing through a central 

Wherein a junction section is formed betWeen the ?rst region of the Wall to How therethrough into the ?rst knock 
grooVe and the second groove, the junction section out during an injection molding process. 
joining a portion of the Wall to a portion of the ?rst 5 

Wherein the junction section is located at a central loca 
tion across a thickness of the Wall. * * * * * 


